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Abstract 
In order to comprehend what is being said in discourse, a listener or reader must be able to follow what is being referred to at any 
given point and recognize when different expressions are all referring to the same thing. This study will use eye-tracking to trace 
participants’ shifts in attentional focus among objects in the visual field while they listen to portions of narrative descriptions as 
audio clips. The clips will contain instances of zero anaphora within segments of one to three sentences, and the visual field will 
contain images from the video for participants to search among for candidate referents. The traces of gaze-fixation and saccades 
will be used as metrics of whether participants know who or what is being referred to and of which other objects are the most 
prominent distracters. If there are consistent patterns, it may be possible to infer what reference resolution strategies are being 
used and to develop interventions for helping second language learners develop their proficiency more rapidly. 
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1. Introduction 
An important aspect of interpreting events occurring in the world, and of deciding what to do or say in response, 
is ensuring a clear understanding of the situation. One way to gain such understanding is to examine the 
communications used by members of the societies where events occur to characterize how local people are thinking 
about what is going on (e.g., newspaper articles, public dialogues, social media postings). However, taking this 
approach requires knowledge of the language/s used, and more importantly, the patterns with which people regularly 
use their language to express ideas in everyday discourse. In this work, we are investigating the specific problem of 
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reference tracking, and how listeners maintain comprehension, especially when listening to discourse in a foreign 
language. 
In order to comprehend what is being said in discourse, a listener (or reader, for written text) must be able to 
follow who or what is being referred to at any given point and recognize when different referring expressions are all 
pointing toward the same entity.  In most languages, there are multiple methods for referring to someone or 
something without using a unique name or label, including pronouns (e.g., “Jack was here earlier, and he left his 
hat.”), deictic (i.e., pointing) terms (e.g., “Do you want this one or that one?”), and using general kinship terms in 
place of first names (e.g., “My sister is clearly upset.”). These expressions capitalize on the common ground (i.e., 
shared knowledge) that exists among those engaged in conversation and can eliminate redundancy in the text.  
For example, after the initial mention of Jack in the sentence above, it is generally understood by those involved 
in the discourse that the hat was Jack’s and that it was Jack who left it, so proficient speakers of English use 
pronouns instead of repeating the name three times in the same sentence. In fact, to most skilled English speakers it 
would sound strange to hear someone say, “Jack was here earlier and Jack left Jack’s hat.” It can be difficult enough 
for those learning English to master the word forms and rules of grammar, which are mostly explicit in language 
training, but conventions like this are often implicit and left to the learner to pick up with experience. Thus, the first 
part of the problem with basing interpretations of events on language and communication is that it really does 
require a certain degree of proficiency in the language to recognize which forms of expression are both grammatical 
in form and acceptable in use. 
The second part of the problem is that the particular expressions that are used by speakers of a language, the 
frequency with which those expressions are used, and the conditions for when to use them vary across languages. In 
other words, languages differ in how information is encoded by speakers (e.g., what information is explicitly stated 
in utterances as opposed to being implicit, what words and grammatical structures are used, what words are stressed, 
etc.). Returning to the pronoun example above, although many languages include pronouns as a word class, this 
particular convention for using them may not apply in other languages as it does in English, and similarly, there may 
be conventions of pronoun use in other languages that are not applicable in English. As such, learning the referring 
strategies in a given language and the patterns with which they are used is an important step in assessing a situation 
based on what is being said by someone in that language.  
To consider the reference-tracking problem in linguistic terms, the predicates of statements specify the activity 
being discussed in discourse, typically realized by verb phrases [1]. In addition, one or more entities, such as the 
subject (that has a quality or performs an action) and the object/s (of the action, both direct and indirect), must 
usually be encoded explicitly to specify who plays what role in the activity. Each role that can be played with respect 
to a predicate is called an argument of that predicate, and different predicates have different valency, that is, numbers 
of arguments that need to be stated or recoverable in order for the expression to be grammatical. In English, a subject 
is usually specified for almost any predicate, but some predicates do not require objects (e.g, “He slept.”, where 
“slept” is an intransitive verb). Other predicates (i.e., those with transitive verbs) require at least two arguments 
(e.g., “He brought the check.”). The number of arguments that must be encoded is a feature of the predicate, but 
languages differ in the extent to which obligatory arguments must be explicitly stated. 
In linguistic parlance, a “pronoun or [other] demonstrative referring to something which was explicitly stated 
earlier in the discourse” is called anaphora ([1], p. 332, braces added). Instances where anaphoric expressions are 
left implicit and encoded only by a gap are called zero anaphora. In those cases, if the information is relevant, it 
must be inferred based on cues in the discourse context when possible, or else it is lost to the listener. Again, the 
rules and conventions governing when it is acceptable to leave expressions implicit vary across languages. In 
English, zero anaphora is only allowed when references are obvious in the context. For example, if one person asks 
about what another has been up to during a conversation, the response, "Not much… [] Went to get groceries 
today” (where [] represents the implicit subject, “I”), is acceptable because it is obvious that the second person is 
talking about himself (i.e., it is recoverable from the context). Similarly, when listing a series of events, the subject 
of those events, mentioned once, does not need to be repeated for all of them (e.g., "John got up, ate breakfast, and 
went for a jog.") because it is clear that John is the subject of all of these activities.  
In contrast, the statement "John hit." is ungrammatical in English because it fails to specify who or what John hit 
(i.e., the direct object of the verb “hit”). Other languages permit zero anaphora based on other conditions, such as the 
animacy of the entity (i.e., whether it is sentient or alive). In Chinese, it would be acceptable to make a statement 
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with a structure similar to, "John hit." With the right context, another proficient speaker of Chinese would be able to 
determine what object is being hit. For a non-native speaker of Chinese, however, it may be difficult just to 
understand this mode of expression, to say nothing of recovering the reference.  
This raises the third part of the problem; that of what cues and strategies listeners use to recover references in 
instances of zero anaphora, particularly when listening to their second language. Some features that have been 
suggested as general cues for disambiguating reference include which entities are stressed more in the prosody of 
speech [2] and the salience of entities within the discourse context [3]. The Positions of Antecedent hypothesis [4, 5] 
posits that people are biased to look for referents in specific argument roles within the discourse context. 
Specifically, search preference is given to entities in the subject position when pronouns are implicit and other 
positions are favored when pronouns are explicitly encoded. More on the level of processing, Sato and Bergen [6] 
investigated whether mental simulation plays a role in recovering missing subjects. With a sample of native 
Japanese speakers, they found that mental images were consistent with subject pronouns when they were stated in 
texts. When pronouns were not stated, however, native speakers had no problem tracking the references, even 
though there was no evidence of mental simulation occurring. This suggests that, although mental imagery may 
facilitate reference tracking, it is not a required cognitive processing step. 
The preceding examples illustrate that there are a number of factors that may influence how people search 
context to recover a reference, and it may be that they are all used under different circumstances. Some studies have 
also been done comparing native and non-native language processing. Comparing native and near-native speakers of 
Italian, Sorace and Filiaci [7] found that, with explicit anaphora, near-native speakers preferred subjects of main 
clauses as candidate arguments. In contrast, for zero anaphora, the language groups did not differ; both groups 
preferring main clause subjects to complements and other possible referents. They concluded that, although the 
near-native speakers may have learned the syntactic rules for subject pronouns in Italian, they may still have had 
some uncertainty with respect to interpreting different pronominal forms. Another study by Tao and Healy [8] 
compared native English speakers and native Chinese speakers on processing of zero anaphora in English passages. 
They found that, with natural language passages, the native Chinese speakers actually understood the passages better 
than native English speakers; an observation they attributed to the higher frequency with which zero anaphora 
occurs in Chinese. In contrast, when presented with artificial laboratory discourse passages, the two language groups 
did not differ in their ability to recover referents. These results suggest that the strategies used for processing 
second-language discourse are influenced by those used for processing first-language discourse. 
2. Methods 
In the study we are developing, we plan to examine traces of non-native speakers’ reference-tracking processes 
for occurrences of zero anaphora in Chinese discourse as well. In the remaining sections, we will outline our 
methods for acquiring the traces and some variables of interest, describe the discourse material to be used, and 
discuss some lingering issues and applications of this work to cross-cultural analysis. 
2.1. Measurement 
The cognitive processes involved in reference tracking are internal, so the first question related to methods is that 
of what measurement method will best capture the processes by which references are recovered. Although people 
experience events in multiple dimensions, and entities referred to in discourse may be located anywhere in the 
discourse context or the physical context, language is linear and references themselves are made in a sequence. Thus, 
in order to maintain coherence with each successive reference made, the listener must be able to quickly associate 
the current reference with an object that was referred to prior or be able to quickly search the context for the entity 
corresponding to the current reference. In both cases, each successive reference made by the speaker or writer leads 
to a shift in attention that connects one referred object to the next. As such, a trace of the sequence of attention shifts 
serves as a reasonable measure of the reference tracking process. 
To gather attention shifting patterns, we plan to use eye-tracking for measuring the cognitive activity associated 
with language processing; a technique which has been used in psycholinguistic studies on many topics [9, 10], but 
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also on anaphora processing specifically [11, 12, 13]. With this method, participants are fitted with an apparatus that 
maps eye gaze fixations (the amount of time that the eyes are focused on the same point in the visual field) and 
marks the paths of saccades (transitions between gaze-fixation points) in sequence. The sizes of gaze-fixation marks 
on the trace are proportional to the durations of fixations and the weights of the lines representing saccades reflect 
the speeds of the gaze shifts. The trace can then be super-imposed on an image of the visual field to provide a direct 
view of what objects received attention, in what sequence, how much attention was directed to them, and for 
roughly how long within the trial. The tracking software outputs the exact quantitative data to allow for statistical 
analyses of the patterns.  
The eye-tracking method provides several advantages for measuring reference tracking. The screen that 
participants look at can present any number of stimuli, from text to images to video. Audio tracks can be played to 
the participant and synchronized with both moving visual stimuli and with the attention trace, such that the 
correspondence between stimuli they hear and sequence of entities they attend to can be analyzed. Another 
advantage is that the screen is also a clearly bounded visual field, which means that the contextual space that 
participants can search within for candidate referents is finite and well-defined. This is important from a 
measurement standpoint, because it makes assessment of recovery accuracy tractable relative to ground truth. By 
having all potential candidate entities in the field of vision, including the true target entity, it is possible to examine a 
number of metrics related to their search and recovery strategy (e.g., Do they end up fixating on the target? How 
long did it take them to track to it? What other candidates were attended to along the way?). More importantly, 
because we can control what entities are displayed and because we have background knowledge of what roles they 
play, how they are related, etc., we are in a position to test some of the hypotheses reviewed earlier (e.g., favoring 
entities in the subject role over others).  
2.2. Materials 
With respect to choosing samples of discourse to present, we again want something that is both naturalistic, but 
also descriptive of a bounded physical context. To this end, we intend to use extracted segments from native Chinese 
speakers’ pear stories [14, 15]. The pear story corpus is a set of narrative accounts of a video clip that were 
generated by native speakers of a number of languages; including English, Chinese, Japanese, and others. As a very 
high-level synopsis, the video opens with an older man on a ladder, picking pears off of trees and putting them into 
baskets on the ground. Over the course of the film, various people enter the scene, interact with him and each other, 
and engage in other activities nearby. The film was shown, usually to groups of five people at once, and then the 
people were interviewed individually and asked to describe what happened in the film. Responses were recorded and 
transcribed, and the original impetus for collecting this data was to examine cultural differences in how the same 
real-world situation gets described. 
The fact that the same film was shown to native Chinese and native English speakers satisfies our need for a 
controlled reference context. For this study, we asked another speaker of Chinese to comb the accounts of Chinese 
speakers for instances anaphoric reference, code those instances as being overt or zero, and to annotate the instances 
for entities referred to. In the following example a pronoun referring to “the boy” is overt at the beginning of the first 
statement, but is implicit in the follow-up question.  
 
Ԇቡᮤ㈃ᩜ䎠ҶǄᡁᜣ.....ཷᙚ䛓њӪѪӰ哭⋑ᴹⴻࡠ˛ 
 
Tā jiù zhĕnglóu bānzŏule. Wŏ xiăng … qíguài nàgè rén wèishénme méiyŏu kàndào? 
 
He [=the BOY] just took the whole basket away. I’m thinking … weird, why didn’t that person [=the FARMER] 
see Ø [=the BOY]? 
 
As a trial, the primary question in this case would be whether attention is given primarily to the image of the boy, 
or whether the image of the farmer is a significant distractor. In the following example, there are several instances of 
zero anaphora and different entities referred to by them (i.e., the boy and the basket), such that there is more 
ambiguity to contend with in recovering references for each and making this a more difficult passage to process. 
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Ԇᩜ䎠ҶǄ䛓ቡ僁㝊䐿䖖Ǆ᭮൘㝊䐿䖖к䶒ˈᏵᏵᏵⲴǄ 
 
Tā bānzŏule. Nà jiù qí jiăotàchē. Fàngzài jiăotàchē shàngmiàn, diān diān diān deǄ 
 
He [=the BOY] took Ø [=the BASKET] away. So Ø [=the BOY] was riding his bike. Ø [=the BOY] just put Ø 
[=the BASKET] on the bike, bump-bump-bump. 
 
The next steps for this research are to select the best examples of zero anaphora from the available corpus, extract 
images from the video to populate the visual field of the eye-tracker, and build the experiment protocol with the 
selected audio clips. Because this is still under development, there are a number of design decisions yet to be made, 
but we hope that this approach will provide new insights into how people approach the challenge of reference 
tracking.   
3. Discussion 
In summary, reference tracking is an integral process in the course of maintaining comprehension of discourse, 
and the ease with which people are able to do it is primarily a function of the forms of expression used in the 
discourse and the context that is available for disambiguating references. Across language boundaries, the 
proficiency of the listener in the foreign language at hand is part of the information context, providing background 
knowledge of rules and conventions that are unique to users of that language and which is necessary for recovering 
references when they are used.  
Furthermore, a factor that affects both research methods and interpretation is the ability to control for context. 
One challenge is that measuring reference tracking processes requires a well-defined context to serve as ground truth 
for assessing someone’s success at recovering references. However, assessing whether a reference has actually been 
recovered can be done in different ways in different discourse contexts, including directly measuring comprehension 
of the discourse [16], observing the interactions between participants in the ongoing flow of the discourse, and so on. 
Particular metrics (e.g., observations, measures of recognition and memory recall, reportable situation awareness) 
will differ in appropriateness according to the nature of the discourse and the situational constraints.  
In fact, an important consideration in determining reference recovery is the relationship of the listener to the 
discourse context. When the listener is an active participant, consistent reference recovery is likely to be evident in 
the continuity of smooth discourse. If he or she does fail to pick up on a reference, there will probably be a 
breakdown in communication that may require all participants to help recover. Of course, the implied advantage is 
that there are other participants to assist in repairing the breakdown. On the other hand, if the listener is separated 
from the discourse context, the full burden of recovering references rests entirely on him or her, but the 
consequences of a lost reference will also not disrupt the discourse. In each case, the contexts in play are quite 
different, as metrics for assessing recovery must vary accordingly. 
Another challenge that is ongoing in this line of research is that no methods for measuring cognitive activity are 
without limitations. Many uses of eye-tracking over the course of many studies have established it as a rather reliable 
technique. However, careful design choices must be made to minimize the impacts of confounds. For example, it 
may be difficult to tell whether an immediate, rapid saccade to the target entity was due to memory recall or to an 
efficient entity locating strategy. Similarly, the only way to rule out that participants are just picking an arbitrary 
entity at random is to examine their entire trace. If their overall pattern of saccadic movements appears too random, 
the likelihood that they are guessing may be higher. 
Finally with respect cross-cultural decision-making, the relevance of these problems is straight-forward. Errors in 
attributing entities to roles and activities will yield flawed mental models and incomplete situation awareness. As a 
result, key statements or events may be misinterpreted, leading to broken interpersonal and diplomatic relationships, 
 
 NOTE: As transcribed, it is possible the speaker would have chosen to write “仐仐仐”, which is pronounced identically, to describe the way the 
bike bumped up and down on the road. 
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or worse, inappropriate responsive actions with destructive consequences. For those whose work it is to monitor 
foreign communications for news of significant events, it is important to have effective strategies for ensuring 
accurate interpretations, and the results of studies like this may suggest resources to be developed. 
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